Holstein cows (n = 72. 28 primiparous) were fed for ad libitum intake a forage mixture (com and haycrop silages, 63:37 DM) and a 71:29 ratio of two grain mixtures (13.8 and 36.2% CPo DM basis) at 1 kgl2.5 kg of the previous day's milk during 1 to 28 DIM (covariate period). Thereafter, rations were balanced and adjusted for energy and CP weekly based on monthly DHI data, forage analyses. and NRC requirements. Cows were blocked by parity (1 vs. >1) and assigned randomly to receive one grain (blend of 13.8 and 36.2% CP grains. herd mean) or two grains according to individual needs. Daily yields of milk, 4% FCM, SCM, and resulting intakes of grain were higher for cows fed two grains, but the increase in daily DMI and the decreases in daily forage intake and SCM:grain ratio were not significant. Fewer pluriparous cows (3 vs. 8 out of 19) on the two-grain treatment conceived after first service, but overall services per conception (1.97) were equal. Percentage of cows with SCC below linear score 4 (91 %) was equal between treatments. Means adjusted by covariate 4% FCM resulted in more modest treatment effects. Advantage of two-grain versus one-grain treatment for milk per day was 7.7% for parity 1 and only 1.6% for parities >1; corresponding responses (nonsignificant) for 4% FCM were 2.8 and 4.3, respectively. Forage DMI depressions on two-grain treatment were not significant. When covariate-adjusted means were used. the advantage in income over feed cost for individualized feeding of CP was $106 and $36/yr per cow in parities 1 and >1 when cows produced 8209 kg (313 DIM) and 8527 kg (320 DIM) of milk, respectively.
INTRODUCTION
In well-bred, well-managed dairy herds, feeding practices that increase mean milk yield generally lead to increased income over feed cost (lOFC) because of dilution of body maintenance costs. Improving mean milk yield while sustaining long-term cow health depends on accurately meeting nutritional needs of individual cows each week throughout lactation. Widespread use of microcomputers on farms and by dairy feed representatives and consultants-along with ration balancing software (2, 7) to estimate free choice DMI, energy and CP requirements, and individual weights of grains-makes individualized ration balancing practical. This program requires the following: BW of cows must be measured at least at postcalving; forages must be analyzed frequently, blended, and fed for ad libitum intake; periodic (monthly) milk weights accompanied by fat tests must be available; basics of ration balancing must be understood; and provisions must be made to feed two or more concentrates of differing CP (degradability) to individual cows in verifiable amounts if CP balancing is desired. Technology is available to do this [e.g., (2) ]. An amount of concentrate corresponding to the percentage of grain required by the cow requiring the least grain may be blended with the forage bunk mix, thus reducing the quantity of grain that must be fed individually to all other cows in the group. Feeding TMR to homogenous (based on grain:forage ratio) groups within a herd can accomplish the goal of meeting individual cow needs, but this relies on proper group assignments and on multiple groups, except in extremely high yielding herds.
It is not unusual for the required CP content or sum of degradable and undegradable CP of grain in a balanced ration to vary 10 to 15 percentage units among individual cows in a herd (11 to 24% CP) because of differences in CP requirements and ad libitum DM!. A single-grain mixture overfeeds CP to some cows and underfeeds others, resulting in reduced yield. Leverich et al. (3) compared the use of one versus two grains, varying in CP content, and monthly versus weekly grain adjustments in a 12-wk trial in early to midlactation Holstein and Brown Swiss cows (n = 18 or 20 per treatment). Leverich et al. (2) concluded that weekly grain adjustments using two grains maximized IOFC, and the response was 4.9% over two-grain monthly balancing and 13.3% over one-grain weekly balancing. Further details in a later report by Spahr et al. (7) suggested that increased milk yield for the two-grain weekly adjustment treatment occurred primarily during the frrst 8 wk of lactation but not thereafter. Our objective was to compare effects on complete lactation responses by parity category (l vs. >1) in Holstein cows of weekly balanced rations using one-grain or two-grain treatments in which the two grains differed in CP content.
MATERIALS AND METHODS
Holstein cows (n = 72, 28 primiparous) were blocked by parity category(l vs. >1) and assigned randomly at calving throughout a 26-mo period for complete lactations to two treatment groups. During lactation, all cows were fed forage (63% corn silage, 37% wilted grass silage DM) for ad libitum intake (>7% orts). In wk 1 to 4 postpartum (covariate period), all cows were fed a fixed 71 :29 ratio of 13.8 and 36.2% CP grain mixtures (Table 1) , containing 20% CP (DM basis), to appetite with a ceiling of 1 kg of grain/2.5 kg of the previous day's milk. Thereafter, rations were balanced weekly according to NRC (5) using the University of New Hampshire Dairy Ration Balancer software (2); factors used to Journal of Dairy Science Vol. 75, No.9, 1992 predict DMI included projected 4% FCM based on monthly DHI reports, BW projected from date of measurement, DIM, day (season) of year, parity, and percentage of forage that was silage. Requirements accounted for maintenance and 4% FCM yields and, in the case of primiparous cows, growth after 70 DIM. All cows in the control (one-grain) group were fed the amount of grain indicated for a balanced ration, but the ratio of 13.8% CP grain to 36.2% CP grain was the same for each cow and was the mean computed for the herd. This ratio changed (Table 2) as variations in forage analyses dictated, thereby simulating a onegrain feeding program. All cows in the other (two-grain) group were fed after wk 4 the amounts of 13.8 and 36.2% CP grains that were computed each week so that ration CP was individualized. All cows received 57 g of sodium bicarbonate twice daily on silage mixture from calving until after peak lactation. Cows were housed and fed twice daily at 0500 and 1500 h in a stanchion barn with mangers designed for retrieval of orts from each cow.
The 13.8% CP grain was pelleted and consisted of (as fed) 61 ;alOne grain = Single concentrate (CP) fed to herd; two grains = two concentrates (13.8 and 36.2% CP) used to individualize CP weeIdy for each cow. cording to standard AOAC procedures (1) . Orts were sampled and composited monthly by treatment and analyzed as for feeds, and BW was measured biweekly before p.m. feeding and milking. Solubility of N in phosphate and bicarbonate buffer was measured in feeds, haycrop silages were examined for ADIN, and mineral content of composites of all feeds was determined by the Northeast OHI Forage Testing Laboratory (Ithaca, NY). Health and reproductive traits were monitored. Unless medically contraindicated, cows were bred (AI) at first estrus following 60 DIM; all estrus activity was recorded based on twice daily observations in an outdoor exercise lot. Monthly SCC were determined by Northeast OHIA (Ithaca, NY).
Yield, intake, BW, and related data were summarized by 28-d periods postpartum and combined into complete lactations before ANOVA using SAS (5); the experiment was a completely randomized design with main effects of treatment (one vs. two grains), parity category ( Significance was declared at P = .10 unless otherwise noted.
RESULTS AND DISCUSSION
Composition of forages (Table 1) , especially haycrop silage, was reasonably consistent over harvest years, and CP of both silages was high in solubility. Solubility of CP averaged 31 and 36% .for rations containing 65 and 50% grain in DM, respectively. The CP of corn silage was lower during the last 2 yr, especially during the last year when no urea was added. Percentage of DM of corn silage harvested in 1985 was lower than desired (25.5 vs. 30%). Composition of orts was similar between treatments, and its fiber and CP contents suggested that it was composed primarily (about 96%) of forage. Mineral content of diets (examples , Table 1 ), computed from analyses of forage and grain composites, generally was higher than NRC (5) recommendations; Zn and, particularly, Fe were much higher than requirements. Ratio of N:S was approximately 14 to 17:1 rather than the desired 10:1, indicating that S concentration was low. Based on normal changes in forage CP or NEL contents, composition of forage mixture was updated with respect to ration balancing computations 13 times in 3 yr (Table 2) , as frequently as of cows of unspecified parity in early to midlactation. Daily yields of milk, 4% FCM, and SCM favored two-grain feeding; first parity cows exhibited twice the response of older cows in milk yield but less response than pluriparous cows in FCM and SCM because of the interaction for content of milk solids components.
Grain offered and, therefore, intake of grain DM (Table 3 ) was based on prior milk yield and fat test, rather than the opposite, and was significantly higher for cows on the two-grain treatment than for controls. Intakes of total grain and energy grain were higher and SCM: grain ratio was lower for first parity cows than for older cows principally because their daily DMI and forage DMI were lower and because they received a modest growth allowance; this allowance increased linearly from 0 at 70 DIM to 1.4 Mcal/d of NEL at 308 DIM (34 kg of gain in maternal BW). Mean concentrate CP percentages were close to 21 % of DM for both treatments. Forage DMI was unaffected by treatment but was much higher for older cows. Daily forage DMI as percentage of BW was most producers test and adjust forages. Adjustments were not large, however, except in October 1987, when com silage with no added urea was introduced. Unadjusted means for yield, intake, BW, and related traits are in Table 3 . Treatment differences were not significant for age at u]ving, DIM, and BW. Yields of milk, fat, SNF, protein, 4% FCM, and SCM were significantly higher for cows fed two grains to balance CP needs individually, and treatment by parity interactions were not significant. However, concentrations of fat, SNF, and proteifl were lower for first parity cows and higher for pluriparous cows receiving two grains. Response to individualized CP feeding by first parity versus older cows was 16.6 versus 5.8% for milk yield, 11.6 versus 9.1% for 4% FCM, and 9.9 versus 9.2% for SCM. Leverich et al. (3) reported a 6.6% response in milk yield for twograin versus one-grain weekly adjusted rations 5% lower on the two-grain treatment, but this was not reflected in total DMI similarly expressed. Although DMI for total lactations tended to be higher (6 to 9%) for cows receiving two grains, differences in daily DMI were not significant for the two treatments.
Milk yield by 28-d periods of lactation (Figure 1 ) was somewhat higher during period 1 (covariate period) for cows fed two grains; this difference remained about the same for pluriparous cows but was greater in subsequent periods for first parity cows in contrast to findings of Spahr et al. (7) . Covariate-adjusted means ( Table 4 ) also suggested that only first parity cows benefited significantly in milk yield from the two-grain treatment. Figure 2 and Table 4 suggest that individualized CP feeding after period 2, and for the complete lactation, did not significantly improve 4% FCM yields. First parity cows (Figure 3 ) consumed somewhat less forage DM and more total DM during most of the lactation when they were fed two grains because grain intake was higher (nonsignificant) after period 3 ( Figure 4 ), but these differences were not significant when adjusted for FCM from period I (Table 4) control cows, but this was balanced by approximately equivalent grain DM (Figure 4 ) so that total DMI was similar to that of control cows. As a result, BW gain ( Figure 5 ) was parallel for the two treatments throughout lactation. Covariate-adjusted means (Table 4) indicated that no intake or BW differences were affected significantly by treatment. For cows fed one or two grains, during the covariate period, dietary CP was 17.0 and 17.5% in parity 1 and 17.0 and 17.1% of DMI in parity >1, respectively. Thus, we found no evidence that dietary CP adequacy was responsible for the small treatment differences noted in covariate period 1 ( Figure 1 ). Yield of SCM per unit of grain consumed (Table 4) was not affected significantly by treatment. The lower percentages of milk constituents in first parity cows fed two grains compared with one grain apparently resulted from higher milk yield, because yields of constituents were not lower for that treatment.
The more accurate (presumably) covariateadjusted treatment means in Table 4 were used to compute IOFC by parity category for each treatment. Covariate adjustments were significant for yields of milk and milk components and intakes of grain and forage DM. Results indicated advantages of $120 and $4l/yr per cow for the two-grain feeding system for parities 1 and >1, respectively. Adjustment of these treatment differences to an annual basis [(actual DIM + 65)/365] with a 65-d dry period reduced them to $106 and $36/yr per cow for parities I and >1, respectively. Thus, for a 1OO-cow herd with 30% primiparous cows, individualized CP feeding was estimated to result in $57oo/yr to pay for the expense and time required to balance rations using two grains differing in their CP content rather than a one-grain mixture for all cows, adjusted approximately quarterly.
Reproductive traits summarized in Table 5 were not analyzed statistically because the number of observations was limited; however, data suggest that primiparous cows conceived as promptly on the two-grain treatment as control cows, but fewer pluriparous cows receiving two grains conceived on first service.
Monthly SCC (Table 6 ) indicated about equal percentages of cows with linear scores above and below 4.0, but fewer cows fed two grains had linear SCC below 2 compared with the control cows. This difference probably was a reflection of higher milk yield (Table 3) .
CONCLUSIONS
Primiparous Holstein cows fed weekly adjusted rations with ad libitum forage balanced using two grains (to individualize CP feeding) responded with 7.7%/d more milk but with similar milk component yields, SCM:grain ratios, forage and total DMl, and BW recoveries compared with cows fed one grain. This was estimated to result in $l06/yr per cow of higher IOPC. Responses for pluriparous cows were positive but nonsignificant, and IOPC advantage for the two-grain treatment was $36/ yr per cow. Based on these findings, individualized CP feeding (compared with the onegrain system) in a herd in which each cow is fed an energy balanced ration is expected to yield about $S7/yr per cow of higher IOFC with no apparent detriment to BW recovery, services per conception, or milk SCC. This Journal of Dairy Science Vol. 75, No.9, 1992 concept also suggests future applications for individualized fat supplementation, nonstructural carbohydrate balancing, and protein degradability adjustments (4) if determination of CP degradability in feed samples submitted by producers were to become routinely available at reasonable cost.
